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Description 

The invention relates to electronic copying/printing 
systems and more particularly to electronic multi-color 
copying/printing systems and non-interactive develop- 
ment systems therefor. 

The invention can be utilized in the art of xerography 
or in the printing arts. In the practice of conventional xe- 
rography, it is the general procedure to form electrostatic 
latent images on a xerographic surface by first uniformly 
charging a photoreceptor. The photoreceptor comprises 
a charge retentive surface. The charge is selectively dis- 
sipated in accordance with a pattern of activating radi- 
ation corresponding to original images. The selective 
dissipation of the charge leaves a latent charge pattern 
on the imaging surface corresponding to the areas not 
exposed by radiation. The areas of charge dissipated 
on the photoreceptor correspond to residual or back- 
ground voltage levels. Thus, the photoreceptor may, in 
a digital printer, contain two voltage levels while in a 
light/lens machine there is a vast array of levels. 

This latent charge pattern is rendered visible by de- 
veloping it with toner. The toner is generally a colored 
powder which adheres to the charge pattern by electro- 
static attraction. 

The developed image is then fixed to the imaging 
surface or is transferred to a receiving substrate such 
as plain paper to which it is fixed by suitable fusing tech- 
niques. 

Conventional xerographic imaging techniques 
which were directed to monochrome image formation 
have been extended to the creation of color images in- 
cluding highlight color images. In one method of high- 
light color imaging, the images are created using a 
raster output scanner to form tri-level images including 
a pair of image areas and a background area interme- 
diate the two image areas. 

The concept of tri-level, highlight color xerography 
is described in US-A 4,078,929 issued in the name of 
Gundlach. The patent to Gundlach teaches the use of 
tri-level xerography as a means to achieve single-pass 
highlight color imaging. As disclosed therein the charge 
pattern is developed with toner particles of first and sec- 
ond colors. The toner particles of one of the colors are 
positively charged and the toner particles of the other 
color are negatively charged. In one case, the toner par- 
ticles are supplied by a developer which comprises a 
mixture of triboelectricalfy relatively positive and rela- 
tively negative carrier beads. The carrier beads support, 
respectively, the relatively negative and relatively posi- 
tive toner particles. Such a developer is generally sup- 
plied to the charge pattern by cascading it across the 
imaging surface supporting the charge pattern. In an- 
other case, the toner particles are presented to the 
charge pattern by a pair of magnetic brushes. Each 
brush supplies a toner of one color and one charge. In 
yet another case, the development systems are biased 
to about the background voltage. Such biasing results 



in a developed image of improved color sharpness. 

In highlight color xerography as taught by 
Gundlach, the xerographic contrast on the charge re- 
tentive surface or photoreceptor is divided into three lev- 

5 els, rather than two levels as in the case in conventional 
xerography. The photoreceptor is charged, typically to 
-900 volts. It is exposed imagewise, such that one image 
corresponding to charged image areas (which are sub- 
sequently developed by charged-area development, i. 

10 e. CAD) stays at the full photoreceptor potential (V CAD 
or V^). V Mp is the voltage on the photoreceptor due 
to the loss of voltage while the photoreceptor remains 
charged in the absence of light, otherwise known as 
dark decay. The other image is exposed to discharge 

is the photoreceptor to its residual potential, ie.V DAD or 
Vc (typically -100 volts) which corresponds to dis- 
charged area images that are subsequently developed 
by discharged-area development (DAD) and the back- 
ground area is exposed such as to reduce the photore- 

20 ceptor potential to halfway between the V CAD and V DAD 
potentials, (typically -500 volts) and is referred to as 
V whHe or V w . The CAD developer is typically biased 
about 100 volts closer to V CAD than Vwhite (about -600 
volts), and the DAD developer system is biased about 

25 -1 00 volts closer to V DAD than V white (about 400 volts). 
As will be appreciated, the toners used in a system such 
as described above need not comprise different colors 
but may have other distinguishing characteristics. For, 
example, both toners could be black but one toner may 

30 be magnetic and the other non-magnetic. 

The above described tri-level imaging process is 
utilized in the 4850™ printer. This printer is capable of 
creating images with black toner and one of several 
highlighting colors. Since the printer can only have two, 

35 one black and one color, developer housings installed 
at any one time, changing color from job to job typically 
^requires recharging the color development system with 
a new, different color developer material having toner of 
the proper color or replacing the whole development 

4£> system with one already charged with developer having 
toner of the desired color. Color changes from job to job 
are time consuming for the "recharge" technique and the 
use of multiple development subsystems requires stor- 
age space. 

45 Non-interactrve development systems are known. 
U.S. Patent No. 5,194,905 discloses color image crea- 
tion using a plurality of non-interactive developer struc- 
tures wherein the color is user selectable. Selection of 
a desired color establishes the duty cycle of each of a 

so plurality of developer structures which, in turn, deter- 
mines how much, if any, of each color toner is deposited 
on a particular image. The duty cycle of each developer 
structure may vary between zero and a predetermined 
maximum time which corresponds to the time it takes 

55 for an image area on a charge retentive surface to move 
through a development nip intermediate the charge re- 
tentive surface and one of the developer structures. 
U.S Patent No. 5,012,299 discloses a color adjust- 
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ment apparatus for a color copying machine including a 
touch-key for inputting color adjustment data which 
causes the values for exposure and main-charge out- 
puts and development bias to be varied in accordance 
with a correction to be made. 

U.S. Patent 4,546,722 discloses a development ap- 
paratus having a toner carrying member and a piezoe- 
lectric vibrator for displacing toner from the toner carry- 
ing member and causing it to fly in a manner to avoid 
depositing toner onto a non-image area of an image 
bearing surface. Such an arrangement prevents degra- 
dation of the charged image for the purpose of image 
preservation. The apparatus avoids adverse influences 
upon the electrostatic latent image so as not to cause 
disturbance in the resulting image if applied in a multiple 
copy per exposure process to proauce a plurality of cop- 
ies. This apparatus is non -interactive from a latent elec- 
trostatic image preservation standpoint, but does not 
appear to be non-interactive from a developed toner im- 
age standpoint, and therefore, would seem to allow un- 
wanted scavenging of multi-colored toner to occur. This 
apparatus seems to be designed to prevent degradation 
of the charged image for the purpose of latent image 
preservation and not for the purpose of preventing deg- 
radation of the toned image pattern. 

U.S. Patent No. 4,833,503 relates to a multi-color 
printer using a sonic toner release development system 
to provide either partial or full color copies with minimal 
degradation of developed toner patterns by subsequent 
over-development with additional colors and minimal 
back contamination of developer materials. Multiple 
scanning beams, each modulated in accordance with 
distinct color image signals, are scanned across the 
printer's photoreceptor at relatively widely separated 
points, there being buffer means provided to control tim- 
ing of the different color image signals to assure regis- 
tration of the color images with one another. Each color 
image is developed prior to scanning of the photorecep- 
tor by the next succeeding beam. After developing of 
the last color image, the composite color image is trans- 
ferred to a copy sheet. Devebpment is accomplished 
by vibrating the surface of a toner carrying member 
thereby reducing the net force of adhesion of toner to 
the surface of the toner carrying member. By appropri- 
ately limiting the magnitude ol vibration of the toner car- 
rying member in this development system toner will be 
released from the surface only in those areas in prox- 
imity to image areas where toner deposition is actually 
desired. Thus, selective clouds of toner may be made 
to occur only in correspondence with those image areas 
that are actually to be developed by toner deposition on- 
to them. 

U.S. Patent No. 4,987,456 relates to a resonator 
suitable for generating vibratory energy which is ar- 
ranged in line contact with the back side of a charge re- 
tentive member bearing an image on a surface thereof, 
in an electrophotographic device, to uniformly apply vi- 
bratory energy to the charge retentive member. The res- 



onator comprises a vacuum producing element, a vi- 
brating member, and a seal arrangement. Where the vi- 
bratory energy is to be applied to the charge retentive 
surface, a vacuum is applied by the vacuum producing 

s element to draw the surface into intimate engagement 
with the vibrating member, and edge seal arrangement. 
The disclosure has application to a transfer station of 
enhancing electrostatic transfer of toner from the charge 
retentive surface to a copy sheet, and to a cleaning sta- 

10 tion, where mechanical vibration of the surface will im- 
prove the release of residual toner remaining after trans- 
fer. 

U.S. Patent No. 4,568,955 discloses a recording ap- 
paratus wherein a visible image based on image infor- 
ms mation is formed on an ordinary sheet by a developer. 
The recording apparatus comprises a donor roller 
spaced at a predetermined distance from and facing the 
ordinary sheet and carrying the developer thereon, a re- 
cording electrode and a signal source connected there- 
to to, for propelling the devebper on the developing roller 
to the ordinary sheet by generating an electric field be- 
tween the ordinary sheet and the developing roller ac- 
cording to the image information, a plurality of mutually 
insulated electrodes provided on the developing roller 
25 and extending therefrom in one direction, an AC and a 
DC source are connected to the electrodes, for gener- 
ating an alternating electric field between adjacent ones 
of the electrodes to cause oscillations of the developer 
found between the adjacent electrodes along electric 
30 lines of force therebetween to thereby liberate the de- 
veloper from the developing roller thereby forming the 
toner particles into smoke in the vicinity of the donor roll- 
er and the sheet. 

U.S. Patent No. 5,010,367 relates to a non-interac- 
35 tive or scavengeless development system for use in 
color imaging. To control the developability of lines and 
the degree of interaction between the toner and receiv- 
er, an AC voltage is applied between a donor roll and 
electrodes supported adjacent to the surface of said do- 
40 nor roll to enable efficient detachment of toner from the 
donor to form a toner cloud. An AC voltage applied be- 
tween the donor roll assembly and an image receiver 
serves to position the cloud in close proximity to the im- 
age receiver for optimum devebpment of lines and solid 
45 areas without scavenging a previously toned image. 

With those non-interactive development systems 
discussed above that create uniform powder clouds in 
the devebpment zone it is difficult to measure and to 
define the appropriate devebper bias to optimize devel- 
50 opment. This is because toner clouds create a space 
charge in the development zone which affects the de- 
sired value of voltage bias applied to development sys- 
tems. The space charge must be taken into account 
when setting the developer bias. Thus, the magnitude 
55 of the space charge, which can not be accurately deter- 
mined, adversely affects the developer bias. 

The present invention provides an apparatus for 
creating cobr images in the single pass of a charge re- 
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tentive surface past a plurality of process stations, said 
apparatus comprising: a charge retentive surface; 
means for forming latent electrostatic images on said 
charge retentive surface; a plurality of developer struc- 
tures, each including a donor member for conveying 
charged toner particles of a different color from the other 
developer structures for depositing toner particles in a 
spot on spot manner onto said latent electrostatic imag- 
es; means for electrically biasing each of said developer 
structures; charactersied by including means, respon- 
sive to user selection, for controlling the electrical bias 
for each developer structure at different voltage levels 
whereby varying amounts of toner may be deposited on 
said latent electrostatic images from each of said devel- 
oper structures in accordance with the color of the image 
to be created; means for generating signals represent- 
ative of the surface potential of the donor member for 
each of said developer structures; and means respon- 
sive to said signals for adjusting the bias applied to said 
developer structures for compensating for the effects of 
said surface potential on the developer structure. 

A printing apparatus in accordance with the present 
invention includes a non-interactive development sys- 
tem which is characterized by the capability of variable 
toner deposition or color selection as a function of de- 
veloper bias variations. 

In an embodiment of the invention, 'Color Select" 
development is effected using, for example, four devel- 
oper structures comprising black, magenta, yellow and 
cyan toners. All but one of these structures are non-in- 
teractive and, unlike prior art devices, they create selec- 
tive clouds of toner in the development zone . 

Developed image colors are created "on the fly" by 
sequentially stacking toners onto the "color" image are- 
as of a tri-level image in proportions appropriate for the 
desired color. The foregoing is achieved by sequentially 
staggering the levels of "effective" DC developer bias in 
proportion to the desired color mix. "Effective" developer 
bias, is defined as the potential difference between the 
surface potential of the already partially developed toner 
image and the subsequent color development bias (af- 
ter the first color toner is deposited). The fundamental 
principal of "Color Select" development is, therefore, the 
controlled superposition of toners from several non -in- 
teractive development subsystems (spot on spot depo- 
sition of toner) to create the desired color of images on 
the fly to facilitate color/job changes. 

In order to more optimally control the development 
biases of the individual development structures, the sur- 
face potential (V t ) of the layer of toner loaded on the 
donor belt forming a part of each developer structure is 
measured. The values of V t must be considered in order 
to determine the optimal biases to be used for each de- 
veloper structure. This is because the electrostatic de- 
velopment field V/D across the air gap between the im- 
age receptor and the respective donor surfaces of the 
developer structures is effected by the value of V t . The 
value of V t also provides a measure of the Mass/Area 
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toner loading on the donor. 

The particular color to be applied to an image is user 
selectable. The user selects a desired color from a pal- 
ette of colors. Color information is supplied via a User 
5 Interface (Ul) to a controller where computer logic and 
algorithms determine the operating state of each of the 
developer housings. 

By way of example only, embodiments of the inven- 
tion will be described with reference to the accompany- 
10 ing drawings, in which: 

Figure 1 is schematic illustration of a color imaging 
apparatus in accordance with the invention; 
Figure 2 is a schematic illustration of a developer 
is structure incorporated in the apparatus of Figures 
1 and 5; 

Figure 3 illustrates the development steps for form- 
ing a spot on spot color image using non-interactive 
development systems for depositing three color 
20 toners; 

Figure 4 illustrates a voltage profile of a typical DAD 
image showing the sequence of toner deposition on 
such an image; and 

Figure 5 is a schematic illustration of a modified 
25 form of the color imaging apparatus of Figure 1 . 

Figure t schematically depicts the various compo- 
nents of an illustrative electrophotographic printing ma- 
chine incorporating a sonic toner release development 

30 apparatus, which machine is used to produce a color 
output in a single pass. 

As shown in Figure 1 , an electrophotographic print- 
ing machine 9 comprises a monopolar photoreceptor 
belt 10 having a photoconductive surface formed on a 

35 conductive substrate. Belt 10 moves in the direction in- 
dicated by arrow 1 2, advancing sequentially through the 
various xerographic process stations. The belt is en- 
trained about a drive roller 1 4 and two tension rollers 16 
and 18 the former of which is operativety connected to 

40 a drive motor 19. 

With continued reference to Figure 1 , a portion of 
belt 10 passes through charging station A where a co- 
rona generating device, indicated generally by the ref- 
erence numeral 22, charges the photoconductive sur- 

45 face of belt 10 to a relative high, substantially uniform, 
negative potential. 

Next, the uniformly charged portions of the photore- 
ceptor surface are advanced through exposure station 
B. At exposure station B, the uniformly charged photore- 

50 ceptor or charge retentive surface 10 is exposed to a 
laser based input and/or output scanning device 26 
which causes the charge retentive surface to be dis- 
charged in accordance with the output from the scan- 
ning device. Preferably the scanning device is a three 

55 level laser Raster Output Scanner (ROS). Alternatively, 
the ROS could be replaced by a conventional xero- 
graphic exposure device. 

The photoreceptor, which is initially charged to a 
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voltage V 0 , undergoes dark decay to a level V^p equal 
to about -900 volts. When exposed at the exposure sta- 
tion B it is discharged to V c equal to about -100 volts 
which is near zero or ground potential in the highlight (i. 
e. color other than black) color parts of the image. The 
photoreceptor is also discharged to V w equal to approx- 
imately -500 volts imagewise in the background (white) 
image areas. 

At development station C, a magnetic brush devel- 
opment system, indicated generally by the reference nu- 
meral 30 advances developer material into contact with 
the electrostatic latent images. The development sys- 
tem 30 comprises one or more magnetic brushes 32 and 
a supply of two-component developer 34 contained in a 
developer housing 36. The developer 34 comprises a 
mixture of carrier beads and black toner particles togeth- 
er with additives as needed for a specific application. 
Black toner particles which are positively charged are 
deposited on the charged area or CAD images of the tri- 
level images formed with the ROS. Magnetic brush de- 
velopment which is an interactive system is suitable for 
developing the CAD images because it is the first de- 
veloper system. Thus, already developed images do not 
have to move past that developer housing. A suitable 
negative developer bias is applied to the developer sys- 
tem 30 via a DC power source 38. 

The discharged area or DAD images, unlike the 
CAD image, are preferably developed using non-inter- 
active development systems 40, 42 and 44 adapted to 
deposit varying amounts of color toner particles onto the 
DAD portion of the tri-level image. For, example these 
non -interactive developer systems may deposit nega- 
tively charged, magenta, yellow and cyan toners in a 
spot on spot manner on the DAD images. 

Each of the development systems 40, 42 and 44 is 
identical with the exception of the color toner which is 
deposited thereby. As illustrated in Figure 2, the devel- 
opment system 40 comprises a donor belt 50 entrained 
about a pair of rollers 52 and 54 and a vacuum coupling 
chamber 56. A motor 58 operatively connected to one 
of the rollers, for example roller 52, effects movement 
of the belt in a clockwise motion for transporting toner 
particles 60 to a development zone 62 intermediate the 
donor belt and the photoreceptor belt 1 0. The donor belt 
50 may be fabricated from a material such as aluminized 
Mylar™ with a coating which is insulative enough to al- 
low the use of conductive magnetic brush loading. 

A magnetic brush structure 64 electrically biased 
via a DC source 65 is provided for loading the donor belt 
with the appropriate toner. This bias can be adjusted for 
varying the quantity of toner loaded on the donor belt. 

An acoustic wave-guide or resonator structure 72 
to which an AC voltage 74 is coupled is disposed within 
the a vacuum coupling chamber 56 and serves to vibrate 
the donor belt for liberating toner therefrom. The acous- 
tic wave-guide provides sonic release of toner from the 
donor. The underlying principle of sonic toner release 
resides in the reduction of the net force of toner particle 



adhesion to the donor belt surface. Sufficient reduction 
of the net force of adhesion of toner to the donor surface 
enables q E electrostatic image forces to selectively re- 
move toner from the donor The wave-guide structure 
5 comprises a piezoelectric transducer 78 fabricated from 
lead zirconium titanate (PZT) or other piezoelectric ma- 
terial and a segmented horn 80 that can be fabricated 
from aluminum. The AC bias voltage 74 is applied to the 
piezoelectric member 78 for effecting vibration of the 
10 horn and, in turn the belt. Upstanding walls 82 and 84 
of the vacuum coupling chamber 56 through their con- 
tact with the donor belt 50 dampen belt vibration beyond 
these areas of contact with the belt. The transducer is 
excited over a range of frequencies based on the ex- 
's pected natural excitation frequencies of the horn 80. The 
piezoelectric transducer may be excited by sweeping a 
sine wave signal over a range of frequencies from 20 
KHz to 200 KHz. 

In sonic toner release development, use is made of 
20 motions of a charged particle bearing surface (donor 
belt) to counteract forces adhering the particles to the 
surface. Those motions can be adjusted in magnitude 
such that particles continue to adhere to the donor sur- 
face unless they are additionally affected by an electro- 
ns static field of appropriate direction and magnitude to re- 
move them from the donor. In the case where the elec- 
trostatic field is due to proximity of an electrostatic im- 
age, the released toner will selectively deposit on the 
image. 

30 The selective toner removal characteristics of sonic 
toner release development distinguish it from powder 
cloud (and jumping) development where airborne toner 
is presented to the entire receptor regardless of its po- 
tential. This distinction provides an important copy qual- 
ms ity advantage with sonic toner release since wrong sign 
and non-charged toner deposition is inhibited. In addi- 
tion, interaction effects between successive develop- 
ments with different toners (colors) are minimal. 

Where the belt is vibrated a vacuum source 100 is 
"to energized for drawing air through the vacuum coupling 
chamber in the direction of the arrows. The vacuum has 
the effect of pulling the belt into intimate contact with the 
upstanding walls 84 and 86 and the tip of the acoustic 
wave-guide. Thus, the portions of the donor belt posi- 
es tioned beyond the edges of the walls 84 and 86 exhibit 
little if any vibratory motion thereby precluding pre- and 
post-development toner clouding. 

Each developer system is electrically biased via 
one of a plurality of DC power sources 88, 90 and 92. 
so The power source 88 is used for applying a voltage, V M - 
to the magenta developer structure 40. V tM is sur- 
face potential of the layer of toner loaded on the donor 
belt for the developer structure 40. The power source 
90 is used for applying a voltage, Vy-V^ to the Yellow 
55 developer structure 42 white the power source 92 is 
used for applying a bias voltage, v^-V^ to the Cyan de- 
veloper structure 44 as illustrated in Figure 3. is the 
surface potential of the layer of toner loaded on the do- 
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nor belt for the developer structure 42 while is the 
surface potential of the layer of toner loaded on the do- 
nor belt for the developer structure 44. The electrical bi- 
ases are variable in the range of -100 to -600 in accord- 
ance with the amount of toner of a particular color to be 
deposited. In other words, the quantity of toner depos- 
ited on a discharged area (DAD) image can be varied 
by varying the developer bias. The use of this range of 
developer biases is enabled by the sensitivity of the son- 
ic toner release system of development. 

An electrostatic voltmeter (ESV) 96 is provided for 
measuring the surface potential of the layer of toner 
loaded onto the donor belt surface. Since this toner sur- 
face potential is effectively in series with the externally 
applied developer bias, appropriate adjustment must be 
made to the applied bias. Typical surface potentials are 
in the order of 50 to 80 volts. 

The unwanted bias effect of the measured potential 
is thus suppressed by reducing the applied bias by this 
value. 

A color controller 99 (Figure 1) and user interface 
(Ul) 101 provide means for user selection of the final 
color for the DAD image. The Ul comprises a plurality 
of control knobs 102, 103 and 104, one for each non- 
interactive development system. By reference to a color 
palette, not shown, the user can obtain the settings for 
the control knobs. For example, once a specific color is 
identified by the user the setting of these knobs deter- 
mines the individual biases for the development sys- 
tems. As noted above, the charged toner on the donor 
belt affects this setting. Thus, electrical signals gener- 
ated by the ESV 96 which provide an analog represen- 
tation of the surface potential on the donor belt are used 
to adjust the developer bias. The analog signals gener- 
ated by ESV 96 are transmitted to the controller and 
used thereby to adjust the developer biases. As wilt be 
appreciated, a single knob could be employed to control 
output image color hue by virtue of the ratio of color toner 
constituents. Digital information representing each of 
the developer biases to be applied could be stored in 
computer memory within the controller. Thus, when a 
setting is made the appropriate biases are automatically 
applied to the respective developer structures. 

Since the photoreceptor contains both positive and 
negative toner particles thereon, a pre-transfer corotron 
110 is provided for effecting a unipolar image prior to 
transfer. 

Referring again to Figure 1 , after the electrostatic 
latent image has been subjected to the pre-transfer co- 
rona emissions, the photoreceptor belt advances the 
toner powder images to transfer station D. A copy sheet 
112 is advanced to transfer station D by sheet feeding 
apparatus, not shown. Preferably, sheet feeding appa- 
ratus includes a feed roll contacting the uppermost 
sheet of a stack of sheets. The feed roll rotates to ad- 
vance the uppermost sheet from stack into chute 114. 
Chute 114 directs the advancing sheet of support mate- 
rial into contact with photoconductive surface of belt 10 



in a timed sequence so that the toner powder images 
developed thereon contact the advancing sheet at 
transfer station D. Transfer station D includes a corona 
generating device 116 which sprays ions onto the back 

5 side of sheet 1 1 2. This attracts the toner powder image 
from photoconductive surface 10 to sheet 112. After 
transfer, sheet 112 continues to move in the direction of 
arrow 118 onto a conveyor (not shown) which advances 
sheet 112 to fusing station E. 

10 Fusing station E includes a f user assembly, indicat- 
ed generally by the reference numeral 120, which per- 
manently affixes the transferred powder image to sheet 
112. Fuser assembly 120 includes a heated fuser roller 
122 and back-up roller 1 24. Sheet 112 passes between 

is fuser roller 122 and back-up roller 124 with the toner 
powder image contacting fuser roller 122. In this man- 
ner, the toner powder image is permanently affixed to 
sheet 112. After fusing, sheet 112 advances through a 
chute, not shown, to catch tray, also not shown, for sub- 

20 sequent removal from the printing machine by the oper- 
ator. 

After the copy sheet is separated from photocon- 
ductive surface of belt 10, the residual toner particles 
adhering to photoconductive surface of belt 10 are re- 

25 moved therefrom at cleaning station F. Cleaning station 
F may include a rotatably mounted fibrous brush, not 
shown, in contact with photoconductive surface. The 
particles are cleaned from photoconductive surface by 
the rotation of the brushes 1 30 in contact therewith. Sub- 

30 sequent to cleaning, a discharge lamp (not shown) 
floods the photoreceptor with light to dissipate any re- 
sidual electrostatic charge remaining thereon prior to 
the charging thereof for the next successive imaging cy- 
cle. 

35 a modified printing machine, illustrated in Figure 5 
differs from that shown in Figure 1 solely in the manner 
in which the latent electrostatic images are formed. In 
lieu of using the ROS 26 for forming these images, a 
high light color Sonographic printer 11 9 is employed. Suit- 

40 able Sonographic printers for creating the desired latent 
images are disclosed in U.S. Patents 4,837,591 and 
4,879,194. 

A spot on spot color image forming process accord- 
ing to the invention is depicted in Figures 3 and 4. With 

45 the developer systems 40, 42 and 44 biased to V M V Y 
and V c , respectively, predetermined amounts of ma- 
genta, yellow and cyan toners are deposited on the DAD 
image thereby yielding a composite image which corre- 
sponds to the color chosen from the palette. Typical bi- 

50 ases V M , V Y and V c for the developer structures are in 
the order of -100 to -600 volts, respectively. Referring to 
Figure 4, the developer biases are increased in the se- 
quence from the developer structure 40 to the developer 
structure 44. 

55 Thus, a DAD electrostatic image represented by the 
voltage profile 1 32 (Figure 4) formed on the photocon- 
ductive surface with the ROS 26 is first developed with 
a quantity of magenta toner 134 using the developer 
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structure 40. The developer structure 40 is biased to a 
voltage level, V M -V, M via the power source 88. V M is typ- 
ically about -100 volts. 

Next yellow toner 1 36 is deposited on top of the ma- 
genta toner 1 34 with the developer structure 42. The de- 
veloper structure 42 is biased via DC power source 90 
to a voltage bias, Vy-V^ having a value, by way of ex- 
ample, of approximately -250 volts. 

Finally, cyan toner 138 is deposited on top of the 
previously deposited toner with the deve toper structure 
44. The developer structure 44 is biased to a DC voltage 
level, Vc-V^ of approximately -600 volts via power 
source 92. The composite color toner image is depicted 
in the last of the voltage profiles 132 shown in Figure 4. 

Due to the selective nature of toner cloud genera- 
tion, as disclosed above, the effect of toner cloud space 
charge in the development zone is minimal. Thus, 
measurement of the toner surface potentials Vt on the 
donor belts prior to entry into the development zone pro- 
vides information that enables the accurate identifica- 
tion and establishment of optimal operating biases. 

The above-describe concept of using an electro- 
static voltmeter (ESV) for measuring the surface poten- 
tial of the layer of toner loaded onto the donor belt sur- 
face could be employed in a monochrome imaging ap- 
paratus. In such a device the magnetic brush developer 
structure used for developing the black toner image 
would be replaced by a non-interactive developer struc- 
ture such as one of the developer structures 40, 42 or 
44. Also, compensation for the effect of surface potential 
on the donor could also used in a highlight color imaging 
arrangement where black toner images along with a sin- 
gle color image are formed. Both the black and single 
color image could be developed with non -interactive de- 
velopment systems as disclosed herein or the black 
could be developed using a magnetic brush develop- 
ment structure while using a non-interactive one for de- 
veloping the single color image. 

Claims 

1. Apparatus for creating color images in the single 
pass of a charge retentive surface past a plurality 
of process stations, said apparatus comprising: 

a charge retentive surface (10); 
means (26) for forming latent electrostatic im- 
ages on said charge retentive surface; 
a plurality of developer structures (40,42,44), 
each including a donor member (32, 50) for con- 
veying charged toner particles of a different 
color from the other developer structures for de- 
positing toner particles in a spot on spot manner 
onto said latent electrostatic images; 
means (88,90,92) for electrically biasing each 
of said developer structures; 



12 

characterised by including means (99), re- 
sponsive to user selection, for controlling the elec- 
trical bias for each developer structure at different 
voltage levels whereby varying amounts of toner 
s may be deposited on said latent electrostatic imag- 
es from each of said developer structures in accord- 
ance with the color of the image to be created; 

means (96) for generating signals representa- 
10 tive of the surface potential of the donor mem- 

ber for each of said developer structures; and 
means responsive to said signals for adjusting 
the bias applied to said developer structures for 
compensating for the effects of said surface po- 
is tential on the developer structure. 

2. Apparatus according to claim 1, wherein said 
means for electrically biasing each of said develop- 
er structures comprises means for applying succes- 

20 sively larger biases in the direction of movement of 
the charge retentive surface past the developer 
structures. 

3. Apparatus according to any one of the preceding 
25 claims, wherein said developer structures include 

means (64) for loading toner particles onto the do- 
nor member and means (65) for electrically biasing 
said toner loading means. 

30 4. Apparatus according to claim 3, including means for 
varying the electrical bias of said toner loading 
means. 

5. Apparatus according to any one of the preceding 
35 claims, wherein the donor member of said develop- 
er structures comprise a belt, and including means 
for vibrating said belt in such a manner as to selec- 
tively create toner clouding in areas of said belt cor- 
responding to toner attracting latent image areas on 

40 said charge retentive surface. 

6. A method for creating color images in a single pass 
of a charge retentive surface past a plurality of proc- 
ess stations, said method comprising: 

45 

forming latent electrostatic images on said 
charge retentive surface; 
moving said images through a plurality of de- 
velopment zones between said developer 

50 structures and said charge retentive surface; 

developing said images with a plurality of de- 
veloper structures, each including a donor 
. member for conveying charged toner particles 
of a different color from the other developer 

55 structures for depositing toner particles in a 

spot on spot manner onto said latent electro- 
static images; 

electrically biasing each of said developer 
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structures; 

characterised by including the steps of 

controlling the electrical bias for each develop- s 
er structure at different voltage levels in re- 
sponse to user selection, whereby varying 
amounts of toner may be deposited on said la- 
tent electrostatic images from each of said de- 
veloper structures in accordance with the color '0 
of the image to be created; 
generating signals representative of the sur- 
face potential of the donor member for each of 
said developer structures; and 
using said signals for adjusting the biases ap- is 
plied to said developer structures for compen- 
sating for the effects of said surface potential 
on each development structure. 

7. A method according to claim 8 or claim 9, wherein 20 
said step of applying electrically biases comprises 
applying successively larger biases to each of said 
developer structures in the direction of movement 
of the charge retentive surface past the developer 
• structures. 25 



dem abgelagert werden, 

eine Einrichtung (96) zum Erzeugen von Signa- 
len, die das Oberflachenpotential des Donato- 
retements jeder Entwickleranordnung ange- 
ben, und 

eine auf diese Signale ansprechende Einrich- 
tung zum Einstellen der Vorspannung, die zum 
Ausgleich der Auswirkungen des Oberflachen- 
potentials auf der Entwickleranordnung an die 
Entwickleranordnung angelegt wird. 

2. Vorrichtung nach Anspruch 1 , wobei die Einrichtung 
zum Anlegen einer elektrischen Vorspannung an je- 
de Entwickleranordnung eine Einrichtung umfaBt, 
mit der in Bewegungsrichtung der ladungshalten- 
den Oberflache entlang der Entwickleranordnun- 
gen immer groBer werdende Vorspannungen ange- 
legt werden. 

3. Vorrichtung nach einem der vorhergehenden An- 
spruche, wobei die Entwickieranordnungen eine 
Einrichtung (64) zum Aufbringen von Tonerpartikeln 
auf das Donatorelement und eine Einrichtung (65) 
zum Anlegen einer elektrischen Vorspannung an 
die Toneraufbringungseinrichtung umfaBt. 



Patentanspruche 4. 

1. Vorrichtung zum Herstellen von Farbbildem wan- 30 
rend eines einzigen Durchlaufs einer ladungshat- 
tenden Oberflache durch eine Vielzahl von 5. 
ProzeBstationen, wobei die Vorrichtung umfaBt: 

eine ladungshaltende Oberflache (10), 35 
eine Einrichtung (26) zum AusbikJen latenter 
elektrostatischer Bilder auf der tadungshatten- 
den Oberflache, 

eine Vielzahl von Entwickieranordnungen (40, 
42, 44), von denen jede ein Donatorelement <o 
(32, 50) zum Befordern aufgeladenerTonerpar- 6. 
tikel verschiedener Farbe von den anderen 
Entwickieranordnungen zum Ubereinanderle- 
gen von Tonerpartikeln verschiedener 
Schmuckfarben auf den latenten elektrostati- 4S 
schen Bildern hat, 

Einrichtungen (88, 90, 92) zum Anlegen einer 
elektrischen Vorspannung an jede Entwickler- 
anordnung, 

so 

gekennzeichnet dadurch, daG ste aufweist: 
eine auf die Auswahl des Benutzers reagierende 
Einrichtung (99) zum Regeln der elektrischen Vor- 
spannung fur jede Entwickleranordnung auf ver- 
schiedenen Spannungsebenen, wodurch unter- ss 
schiedliche Tonermengen von jeder Entwickleran- 
ordnung entsprechend der Farbe des zu erzeugen- 
den Bildes auf den latenten elektrostatischen Bil- 



Vorrichtung nach Anspruch 3, die eine Einrichtung 
zum Variieren der elektrischen Vorspannung der 
Toneraufbringungseinrichtung aufweist. 

Vorrichtung nach einem der vorhergehenden An- 
spruche, wobei das Donatorelement der Entwick- 
ieranordnungen ein Band umfaBt, und die eine Ein- 
richtung aufweist, mit der das Band derart in 
Schwingung versetzt wird, daB selektiv Tonerwol- 
ken in jenen Bereichen des Bandes entstehen, die 
den Toner anztehenden latenten Bildbereichen auf 
der ladungshaltenden Oberflache entsprechen. 

Verfahren zum Erzeugen von Farbbildern in einem 
einzigen Durchlauf einer ladungshaltenden Ober- 
flache durch eine Vielzahl von ProzeBstation, wobei 
das Verfahren umfaBt: 

das Ausbilden latenter elektrostatischer Bilder 
auf der ladungshaltenden Oberflache, 
das Bewegen der Bilder durch eine Vielzahl 
von Entwicklungszonen zwischen den Entwick- 
ieranordnungen und der ladungshaltenden 
Oberflache, 

das Entwickeln der Bilder mit einer Vielzahl von 
Entwickieranordnungen, von denen jede ein 
Donatorelement zum Befordern aufgeladener 
Tonerpartikel verschiedener Farbe von den an- 
deren Entwickieranordnungen zum Ubereinan- 
derlegen von Tonerpartikeln verschiedener 
Schmuckfarben auf den latenten elektrostati- 
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schen Bitdem aufweist, 

das Anlegen einer elektrischen Vorspannung 
an jede Entwickleranordnung, 

gekennzeichnet durch die folgenden Schritte: 

Regeln der elektrischen Vorspannung fur jede 
Entwickleranordnung aut verschiedenen Span- 
. nungsebenen als Reaktion aut die vom Benut- 
zer vorgenommene Auswahl, wodurch unter- 
schiedliche Tonermengen von jeder Entwick- 
leranordnung entsprechend der Farbe des zu 
erzeugenden Bildes auf den latenten elektro- 
statischen Bildern abgefagert werden, 
Erzeugen von Signalea die das Oberflachen- 
potential des Donatorelements jeder Entwick- 
leranordnung angeben, und 
Verwenden der Signale zum Einstellen der Vor- 
spannungen, die zum Ausgleich der Auswir- 
kungen des Oberflachenpotentials auf der Ent- 
wickleranordnung an die Entwickleranordnung 
angelegt werden. 

7. Verfahren nach Anspruch 8 oder 9, wobei der 
Schritt des Anlegens elektrischer Vorspannungen 
das Anlegen von in Bewegungsrichtung der la- 
dungshaltenden Oberflache entlang der Entwick- 
leranordnungen immer grower werdender Vorspan- 
nungen umfaBt. 



Revendlcatlons 

1 . Appareil destine a creer des images en couieurs du- 
rant le passage unique d'une surface de retention 
de charge apres une plurality de postes de trarte- 
ment, ledit appareil comprenant : 

une surface de retention de charge (10) ; 
un moyen (26) pourformerdes images latentes 
electrostatiques sur ladite surface de retention 
de charge ; 

une pluralite de structures de devetoppement 
(40, 42,44), chacune comportant un element 
donneur (32,50) destine a transporter les par- 
ticules d'encre chargees d'une couleur diff6ren- 
te depuis les autres structures de developpe- 
ment pour deposer les particules d'encre d'une 
maniere point lumineux sur point lumineux sur 
lesdites images latentes elect rostaliques ; 
des moyens (88,90,92) destines a polariser 
electriquement chacune desdites structures de 
developpement ; 

caracterise en ce qu'il comprend un moyen 
(99), repondant au choix de Putilisateur, destine a 
commander la polarite electrique de chaque struc- 
ture de developpement a diff6rents niveaux de ten- 



sion, de sorte que diverses quantites d'encre peu- 
vent etre deposdes sur lesdites images latentes 
electrostatiques a partir de chacune desdites struc- 
tures de developpement, conformement a la cou- 
s leur de I'image devant 6tre crede ; 

un moyen (96) destine a creer des signaux re- 
presentatifs du potentiel de surface de T6I6- 
ment donneur pour chacune desdites structu- 

10 res de developpement ; et 

un moyen sensible auxdits signaux, destine a 
ajuster la polarite appliquee auxdites structures 
de devetoppement pour compenser les effets 
dudit potentiel de surface sur la structure de de- 

*5 veloppement. 

2. Appareil selon la revendication 1, dans lequel ledit 
moyen destine a polariser electriquement chacune 
desdites structures de developpement comprend 
20 un moyen pour appliquer des polarites successive- 
ment plus importantes dans la direction du depla- 
cement de la surface de retention de charge au-de- 
la des structures de developpement. 

2S 3. Appareil selon I'une quelconque des revendications 
precedentes, dans lequel lesdites structures de de- 
veloppement comprennent un moyen (64) destine 
a charger des particules d'encre sur ('element don- 
neur et un moyen (65) destine a polariser eiectri- 

30 quement ledit moyen de chargement en encre. 

4. Appareil selon la revendication 3, comprenant un 
moyen pour faire varier la polarite electrique dudit 
moyen de chargement en encre. 

35 

5. Appareil selon I'une quelconque des revendications 
precedentes, dans lequel ('element donneur desdi- 
tes structures de developpement comporte une 
courroie, et un moyen inclu destin6 a faire vibrer la- 

40 dite courroie de maniere a creer de facon selective 
la formation de nuages d'encre dans les zones de 
ladite courroie correspondant aux zones d'image la- 
tente attirant I'encre qui se trouvent sur ladite sur- 
face de retention de charge. 

45 

6. Precede destine a creer des images en couieurs en 
une passe unique d'une surface de retention de 
charge apres une pluralite de postes de traitement, 
ledit precede comprenant : 

so 

la formation d'images latentes electrostatiques 
sur ladite surface de retention de charge ; 
la mise en mouvement desdites images a t ra- 
vers une pluralite de zones de developpement 
55 qui se trouvent entre lesdites structures de de- 

veloppement et ladite surface de retention de 
charge ; 

le devetoppement desdites images au moyen 
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d'une plurality de structures de d6veloppe- 
ment, chacune comprenant un element don- 
neur destine a transporter les particules char- 
gees d'encre de couleurs d iff e rentes depuis tes 
autres structures de developpement pour d6- 5 
poser des particules d'encre de maniere point 
lumineux sur point lumineux sur lesdites ima- * 
ges latentes elect rostatiques ; 
la polarisation electrique de chacune desdites 
structures de developpement ; 10 

caract6ris6 en ce qu'il comprend les etapes : 



de commande de la polarite eiectrique de cha- 
que structure de developpement a diff6rents ni- '5 
veaux de tension en reponse au choix de I'uti- 
lisateur, grace a quoi il est possible de deposer 
des quantites diverses d'encre sur lesdites ima- 
ges latentes- electrostatiques depuis chacune 
desdites structures de developpement, con for- 20 
mement a la couleur de I'tmage devant etre 
cre6e ; 

de creation de signaux repr6sentatifs du poten- 
tiel de surface de I'etement donneur pour cha- 
cune desdites structures de developpement ; 2s 
et 

d'utilisation desdites signaux pour ajuster les 
polarisations appliqu6es auxdites structures de 
developpement pour compenser les effets du- 
dit potent i el de surface sur chaque structure de 30 
developpement. 



proc6de selon la revendication 8 ou la revendica- 
tion 9, dans lequet ladite etape d'application de po- 
larisation eiectrique comprend I'application de po- 35 
larisations successivement plus importantes a cha- 
cune desdites structures de developpement dans 
la direction du deplacement de la surface de reten- 
tion de charge au-dela des structures de develop- 
pement. 40 



45 



so 



55 
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